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Arr. IV.—On the Chemical C’omposition of Amphibole; by
S. L. Pexrizep and F. C. SraNvey.*

Owise to the common oceurrence of amphibole and the
important réle it plays as a rock-making mineral, its chemical
composition has naturally been the subject of repeated investi-

gation, with the result that there has accumulated a large
“amount of analytical data, yet there is still wanting a satisfac-
tory explanation of the wvariations in chemical eompomtlon
exhibited by the mineral. The present investigation was
undertaken, therefore, with the hope that by havnm a few
analyses made with the utmost possible care on material of
unquestionable purity a clue might be gained which would
help to elucidate some of the diffienlties presented by the prob-
lem. And here at the outset it may be stated that the present
communication is only a preliminary one: It is intended to
make more analyses than are given in this paper, but since it
happens that the work must be interrupted for a timne, it is
believed that data of sufticient interest have already been
accumulated to warrant publication. It is also intended to
make a careful study of the optical properties of the various
amphiboles which have been analyzed, but the carrying out of
that part of the investigation must he left for the future.

Turning to text- hooks and treatises on Mineralogy for an
e\p](matlon of the chemical composition of amplnbole, it is
found that the formulas suggested by Tschermakt are the ones
which are almost always given. Driefly stated, Tschermak's

* Note :—Prof. Penfield had had the problem of the chemical composition
of amphibole in mind for a number of years, but the opportunity for carry-
ing out an investigation to solve it did not present itself until about two
years ago, when Mr. F. C. Stanley, a graduate student, comimenced, under
his direction. the series of amphibole analyses which are quoted in the pres-
ent paper. These analyses formed the basis of a thesis which Mr. Stanley
presented in 1905 for the degree of Doctor of Philosophy. The results of the
analyses were not published at that time, for it was hoped, as Prof. Penfield
states. that the investigation could be continued and made more complete,
but circumstances prevented Dr. Stanley from continuing the work, and hence
during May and June, 1906, Prof. Penfield wrote up the investigation asfar
as it had proceeded. After his death in August last, the manuscript of the
article presented here was found in his desk. Fortunately it was in such an
advanced stage that it has been possible to print it almost exactly as Prof.
Pentield left it, the only changes being occasional verkal ones and the only
addition being the concluding paragraph. headed Summary and Conclusion.

Prof. Penfield, had he lived, would undoubtedly have extended the article
somewhat by the discussion of still other analyses taken from the literature,
and would, as was his invariable custom, have subjected the whole manu-
script to rigorous revision. But as it stands it forms a clear, well developed
and illuminating contribution, not only to the problem of the chemical com-
position of amphibole itself, but also to the wider problem of the composi-
tion of pneumatolitic minerals in general. —W. E. Forb.

1 Mineralogische Mittheilungen, 1871, page 41.
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theory is as follow: To tremolite, the simplest form of amphi-
bole, the formula CaMg,Si,O,, is assigned; ordinary green
amphibole, actinolite, corresponds to Ca(Mg,Fe),81,0,,; while
in varieties containing considerable amounts of sesquioxides,
there is assumed the cxistence of an alumo-silicate mole-
cule (Ca,Mg),AlSi,0, and a corresponding one containing
ferric iron, (Ca,Mg),leSi,0,,. The last two molecules have
only a theoretical e\lstence' they are supposed to be isomor-
phous with Ca(Mg, Iw)aSl,‘Om but no pure chemical combina-
tions corresponding to them have ever been observed. The
presence of alkalies is ascribed to the existence of the meta-
silicate molecules Na,AlSi,0,, and K,AlSi,0,, the former
being analogous to jadeite, NaAlSi, 0, Water is supposed to
be due to alteration and there is no plovmon in the formulas
for fluorine, which is an almost unfailing constituent of amphi-
bole. In Tschermak’s latest puhlwahon* the formulas sug-
gested for amphibole are CaMg,8i,0,, CaleSi 0, and two

alumo- silicates, CaMg,AlLSi O, and Nd Al,Si ()

It is true that by a combination of the several molecules
suggested by Tschermak theoretical compositions may be cal-
culated which correspond rather closely to some of the analyses,
but the formulas are in general found to be wanting in many
respects when subjected to careful comparison with existing
analyses, and Tschermak freely admits that the problem is one
presenting numerous difficulties.

Rammelsbergt has pomted out that amphibole analyses con-
form to the formula R’SiO,R=Ca,Mg,Fe,Mn,Na, and K,
plus varying proportions of AlO, (an(l Le()s), which for-
mulas, however, do mnot apply o arfvedsonite and related
minerals of the amphil)ole group, rich in soda and sesquioxides.
In their essential features the formulas of Tschermak and
Rammelsberg are alike, Ca(Mg,Fe),Si,0,, of Tschermak being
equivalent to 4RSiO,, and the alumo-silicate molecules (Ca,Mg),-
Al1S8i,0,, to 2RSi0,+2A1,0,. They differ in that Tschermak
regar(lq the alkalies as ln,lonfrmw to molecules like Na,Al,81,0,,,
respectively Na,I'e,Si O, “while Rammelsberg lccowm?ed
Na,SiO, as 1qom()rphous with CaSiO, and 1\1g%10 Neither
of them take into account water and fluorine, which, as will
be shown, are essential and often prominent constituents of
amplibole and should not be disregarded.

Numerous other formulas have been suggested by various
investigators, but these in general refer only to analyses of
single specimens of amphibole, and it does not seem necessary
to discuss them at the present time.

* Lehrbuch der Mineralogie, 1894, p. 458.
t Mineralchemie, 1875, page 394.
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Before presenting the new analyses and entering upon their
discussion, it seems best to set forth certain premises which
may well be taken into consideration.

In the first place, it may be noted that amphibole contains
an unusually large number of constituents, SiO,, Al,O,, Fe,O,,
FeO, MnO, IO'O Ca0, Na,0, K,0, 1,0 and F, among which
are nnetalho elements lnvnw Valeuces of ﬂnee, two and one,
and if any reasonable formula is to be proposed there must be
some satisfactory disposition made of hydrogen and fluorine.
For a mineral having so many and such variable constituents,
and likewise having them 1in very variable proportions, it
seems reasonable to assume a complex chemical structure.
Compare amphibole for example with chrysolite, and a marked
difference is noted; the formula of the latter is (Mg,Fe),-
8i0,, and, dlsreoar(hnw impurities, if constituents other than
Si0,, M(r() and FeO are noted in the analyses, they are either
NiO or MnO, which are readily explained as isomorphous
with MgO. In what are generally regarded as simple chemi-
cal componnds only such constituents are to be found which
are alike in valence and in grouping according to the periodic
system, and thus conform to the ordinary law of isomorphism;
for example, FeO and MnO ismorphous with MgO. It may
be noted also that in general NaO is not isomorphous with
either K,0 or CaO, nor CaO with MgO, such constituents
when occurring towether generally 1011111110‘ double salts. In
amphibole, however owing as it is believed to its complex
chemical structure, or to what one of the present writers has
called mass effect,* such unlike constituents as H,0, Na,O,
CaO, MgO and Al,O, are in some way brought into a mole-
cule as isomorphous constituents or radicals, a result which we
do not meet with nor expect to meet with in the case of simple
chemical compounds.

Again, when we consider the great diversity in chemical
composition of the various minerals of the amphibole group,
including glancophane, riebeckite and arfvedsonite, all of them
being essentially alike in crystallization, in cleavage and in
prismatic angle, it must be assumed that there is some control-
ling factor responsible for this similarity in crystallization, and
it is believed that this controlling factor is #he acid. TFrom
the composition of the simplest minerals of the group, tremo-
lite and actinolite, it seems definitely proved that the amphi-
boles are salts of metasilicic acid, not necessarily H,SiO,, but
some multiple of this. Tschermak has suggested H,Si,O, as
the stoichiometrical formula of the amphibole acid, and there
are reasons for believing that this, or some multiple of it, is
correct. 1t is to be regretted that at the present time there is

* This Journal, xiv, 211, 1902.
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no means of determining the size of the molecule of a crystal-
lized solid. Metasilicates are naturally and readily written
structurally as ring formulas, and although such formulas are
wholly hypothetical they are at least suggestive and hence use-
ful. If H,Si,O, is the formula of the amphibole acid, or per-
haps H,8i,0,,, natural ways of expressing these graphically
would be as follows:

H—0 O—H  H—0( H-O0 O-H 5 g
\sl—o si¢’ 8i—0— si0—si”
H—0 INO—H  [H—0- 1 N\O—H
0 ) 0 O
H—o_ ¢ ) 0 H—0 | D oM
NSi0—si¢” si si’
H—0~ NO—1l  11—0 (')\O—H
H—O ) O0—H
bl—O—\n—O—bl<

wo/ \og  No—I

Although wholly incapable of proof, it is altogether within
the bounds of reason to believe that the amphibole acid has a
ring structure, and that as in organic chemistry we have a
benzol ring which plays so 1mportant a role in a vast number
of compound so in mineral chemistry we may speak of a prob-
able amp/zibole ring, carrying with it a certain controlling foree
which conditions a kind of erystallization recognized as char-
acteristic for the amphibole group of minerals. As will be
pointed out later, calecium atows replace one quarter of the
hydrogen of the amphibole acid, and it may be that the posi-
tion of the particular hydrogen atoms replaced by calcium is a
matter of 11111)01‘(%1109 ]ust as in organic ehemlstry the ortho-,
meta- or para-positions in the benzol ring are determining fac-
tors.

As has already been stated, it is believed that amphibole
has a complex molecular structure; it is mot readily made
artificially and if fused and allowed to cool there result simple
substances, especially pyroxene. If the ring theory is correct,
it may be assumed that by fusion the amphibole ring is broken
down and is incapable of reformation under ordinary condi-
tions of heat and pressure.

To our knowledge amphibole has only once been made arti-
ficially, and this result was achieved by von Chrustchoff.®
The accomphehment of this Dbrilliant and.too little known
experiment is so important and throws so much light upon the

* Neues Jahrbuch 1891, 2, page 86. [In a recent article entitled, ‘‘ Min-
erals of the Composition MgSiOs;; Case of Tetramorphism ” (this Journal,
Nov. 1906), Messrs. E. T. Allen, F. E. Wright and J. K. Clement have de-
scribed the synthesis of orthor hombic and monoclinie forms of pyroxene and

amphibole. The monoclinic amphibole was obtained with considerable dif-
ficulty and only in small amounts and in microscopic crystals. W. E. Forp.]
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mode of formation of amphibole in nature that a brief outline
of von Chrustchoff’s method may be given here to advantage.
In his experiment aqueous solutions of silica, alumina and
ferric hydroxide were taken, carefully 1)1epaled by dialysis,
freshly precipitated ferrous hydroxide, lime water, magnesiuin
hydroxide suspended in water and sodium and potassium
hydroxides ; these constituents when brought together made a
rather stiff gelatineus mass, which was placed in several glass
bombs (Bzrne) the bombs were then exhausted, hermetically
sealed, and continuously leated for a period of three months
at a tempe1 ature of 550° C. Several of the bombs exploded,
but three of themn withstood the severe strain, and on opening
these there was found a brownish deposit containing well
formed ecrystals 1™ long and 4™ thick, of brilliant luster,
dark color and showing forms commounly observed on amphi-
bole; & (010), m (110) and » (011). The prismatic angle could
only be measured ‘11)])10\1matelv but » A7, 011 A011, gave
with exactness 81° 32/, whicl is like one of the fundamultdl
amphibole angles of Koksharov. An analysis of the erystals
is here given and for comparison the results obtained by Stan-

ley from the black amphibole (hornblende) from Edenville,
N. Y.

Artificial Crystals Edenville
Sp.gr. cooo....... 3245 3284

SIO, . 4235 41-99
TiO, oo 146
AlO, ... ..._.... 811 . 1162 3 ..
Fe O, oo 791 }1602 967 | 1429
FeO ... 10°11 14-32
MnO ... .. ... 24+44 025 2574
MgO ..o ... 14-33 1117
CaO ... 1321 11592
NaO .......__....... 218 249
KO . ... 1-87 0-98
H,O (loss on ignition)._.. 091 053
(IIOﬂtlIO ) IR R 0-08
¥ o . 080

100-98 9983

The two analyses are very much alike, especially when it is
taken into consideration that the higher Al,0, and FeO of the
Edenville material are offset 1e5peetlve]) by “lower Fe, .0, and
MgO.

The failure to make amphibole by ordinary methods of
synthesis, and the success of von Chrustchoff’s experiment
indicate clearly that the conditions necessary for the formation
of the mineral are those which are obtained with difficulty in
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a laboratory, namely the combined action of heat and pressure,
maintained for a considerable period of time; conditions,
however, of common occurrence in natnre. Amphibole is
undoubtedly a mineral which commonly owes its origin to
what is known as pnewmatolitic action, that is to aqueous
vapors and other gases working under the combined action of
heat and pressure. In minerals formed under such conditions
are found water with hydrogen playing the role of a metal,
hydroxyl, fluorine and, as in the case of tourmaline, boron.
Many of the minerals lave complicated chemical tommlds, for
which possibly the mode of formation is responsible, pressure
and other agencies giving rise to molecular structures more
intricate than are generally met with. In several of these
pneumatolitic mninerals, amphibole, tourmaline and the micas
for example, there may be noted the occurrence of a large
number of elements, of varying valences and evidently occur-
ring in some way as isomorphous constituents.

In spite of the fact that pneumatolitic minerals have been
produced with difficulty, if at all, by synthetic methods, it is
reasonable to suppose from their common occurrence in nature
that they might be produced with comparative ecase if the
right conditions could be obtained. It is probable that with a
snitable container provided with electric heating appliances,
within which a high pressure could be mamt’uncd the condi-
tions favorable for the synthetic production of numerous
pneumatolitic minerals might be attained and satisfactory
results expected.

To recapitulate, our premises are as follows :—Amphibole
is presumably a mineral of complex molecular structure, a salt
of some multiple of H,Si0,, very probably of an acid charac-
terized by a ring s‘rru(-ture, but’ the number of silicon atowms
contained in the ring it is impossible to state. This much
also seems probable, that the number of silicon atoms in the
amphibole molecule, and their arrangement, whatever that
may be, exert such a controlling influence that by virtue of
mass ¢ffect the hydrogen atoms of the acid may be replaced
by elements of different valences and by radicals without
exerting any appreciable effect upon the erystalline form.

Selection and preparation of materials for the new analy-
ses.—The endeavor has been made to select materials repre-
senting a wide range in chemical composition and also with the
view of having the samples prepared for analyses as pure as
possible. Most of the specimens have been selected from the
Brush Collection. As a rule they were well crystallized and
the materials were at first carefully selected by hand picking ;
subsequently they were pulverized and sifted to an uniform
grain, suspended in heavy solutions and from each a portion
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was selected which floated and sank within narrow limits.
The heavy solutions used were potassinm-mercuric iodide for
the lighter and barinm-mercuric iodide for the heavier varieties
of amphibole. In every case the powders were washed with
great care to remove every trace of the heavy solutions; they
were also examined under the microscope to note the presence
of any possible impurities. It may be stated with confidence
that all of the materials which have been analyzed were of the
utmost possible purity.

Method of Analysis.—The methods employed in making
the analyses were like those for a long time in use in the Shef-
field Laboratorv, and essentially the suwgestlons as outlined by
Clarke and Hillebrand* and by Washingtont were followed.
The analyses were made by Stanley, and before starting on
them considerable time was spent in gaining familiarity with
the methods of separation, for which purpose numerous arti-
ficial mixtures were made and analyzed. In cases where much
iron and alumina were present the separation from magnesia was
made by means of a double basic acetate precipitation. Fluorine
was determined by the Berzelius method as outlined by Penfield
and Minor,} and from experiments made with artificial mix-
tures containing the same constituents in about the same pro-
portions as in amplibole it is probable that the results ohtained
for fluorine are all too low by about 0-10 to 0-15 per cent. Water
was in all cases determined by the closed-tube method de-
scribed by one of the present writers.§ In several cases, especi-
ally in the early part of the investigation, analyses of the same
material were repeated four or six times in order to gain the

greatest possible accuracy in the determinations. With few
e\ceptlons the determinations were always made in duplicate.

New Analyses and discussion qf results :—Amphibole
occurs in several distinet var lLthS, some of which are conveni-
ently designated by names, and it seems best to take up the
analyses in groups, commencing with the simplest types. The
discussion of the analyses is based upon the ratios derived by
dividing the percentages of the several constituents by their
molecular w eights. Tn the case of fluorine the percentages are
divided by twice the atomic weight, in order to make the
quotients comparable to those obtained from the percentages
of 11,0 two fluorine atoms being equivalent to two hydroxyl
lddlmls represented in the almlyses Dy the hydrogen atoms of
11,0. Hsdrooen unquestionably plays a double rdle in
amphlbole and numerous other minerals having a complex

* Analyses of Rocks and Analytical Methods, U. S. G. S. Bull. 148.
1 The Chemical Analysis of Rocks.

1 This Journal, xlvii, 387, 1894,
¥ This Journal, xlviii, 31, 1894.
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chemical structure. In part it goes with oxygen to form
hydroxyl (OH), which radical has the character of an un-
metallic, acid-forming element, as shown by its isomorphisin
with fluorine; in part also hydrogen is basie like a metal, H,
being isomorphous with Na,, Ca or Mg, or, in accordance with
our conventional method of expressing analyses, H,0 is
isomorphous with Na,O, CaO, MgO, ete. Irom the results of
the determination of water in analyses, there seems at the pres-
ent time no way of determining how much hydrogen is to be
ascribed to hydroxyl and how much is basic. In Doth cases
the resulting water is driven off only on intense ignition. In
the present analyses so much confidence is felt in the purity
of the materials analyzed that the question of hydroscopic
water or water resulting from alteration does not enter into
the caleulations, nor is water of crystallization present.

From the supposed mode of formation of amphibole by pneu-
matolitic action, both hydroxyl and fluorine enter into the
composition of the mineral and must be reckoned with the
same as other constituents: Water as a Dbase, isomorphous
with Na,O, CaO, MgO, ete., must also be taken into considera-
tion, and this is such an important matter that it seems best to
refer to a simple yet striking example encountered by one of
the writers® in the investigation of a very pure variety of
anthophyllite. In the analysis water was first estimated as
loss at a low red heat and found to be only 0°19 per cent. On
completing the analysis the summation was unsatisfactory, as
was also the ratio of SiO, to the bases, FeO,MgO with traces of
MnO and CaO. In endeavoring to find an explanation for the
defects of the analysis and its failure to give a good ratio,
some of the powdered mineral was heated with a blast-lamp in
a closed tube, when at a very high temperature abundant
water was given off. This water, amounting to 1:67 per cent,
brought the summation of the analysis to 99:99 and the ratio
of 810, to FeO +MnO + MgO +CaO+I1,0 became 100 : 0-997.
Therefore in this comparatively simple combination of silica
with protoxide bases there can be no question but that H,O is
isomorphous with MgO and IeO.

In addition to the ratio of silica to the protoxide bases, it
will be interesting to note the relative proportion of the several
bases present: This is conveniently expressed in per cents and
is given with each analysis.

The analyses are as follows :

TREMOLITE.

Of this material, representing the simplest type of amphi-
bole, two analyses have been made. The specimens selected

* This Journal (8), x1, p. 394, 1890.
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for study were purposely chosen from quite widely separated
regions, and because of their being very unlike in appearance
and mode of oceurrence.

1." Tremolite from Riclville, near Gowverneur, New XYork
—This locality is the one famous for its brown tomnmlmes
known to collectors the world over. The specimen consisted
of a mass of large white crystals, some showing distinet out-
line and the oulmaly forms, m (110), & (010) and # (011).
When broken up the fine splinters were perfectly transpar-
ent. The material used for analysis floated on the heavy solu-
tion at 3-002 and sank at 2-992; the average specific gravity,
therefore, may be taken as 2:997.

The results of the analyses are as follows —

Per cents of

I 11 Average Ratio protoxide bases
Si0, 5747 57°43 5745 ‘957
TiO, e O
Al () 1-28 1-32 1430
Fe. O, 18 ‘18 18 % 014
FeO 22 22 22 03
MuO 07 07 01 652
l\lg‘O 24-87 2483 2485 ‘ 64°8
CaO 12-84 12:94 12:89 ?'958 24+0 )
K,0 49 ‘58 54 07 258
Na,0 68 66 67 l 11 §
H,0 130 1+20 1116 6°9
F, 7 7 ) 21
10000
Loss at 110° 09
100°19
0= F: 32
99-87

The ratios of this and the following analyses will be dis-
cussed later.

II. Tremolite from Lee, Massachuseits.—This material
consisted of bladed crystals, showing only prisms, somewhat
striated, embedded in a grayish- W]nte, fine-grained, erystalline,
dolomite-marble. As far as was observed, the crystals never
show distinet terminal faces. The tremolite crystals have a
grayish white color, but small fragments are colorless and
transparent. The crystals were first carefully selected by hand
and after pulverizing and sifting to a uniform grain, the pow-
der was treated for a while with warm, dilute hydrochloric
acid to insure removal of possible traces of attached dolomite.
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The material used for analysis floated on the heavy solution at
2:984 and sank at 2-975, the average being 2:980. The results
of the analysis are as follows :—

Per cents of

I II Average  Ratio protoxide bases
SiO2 5761 . 8718 5769 ‘061 .96
TiO, ‘14 14 14 002 } 963
A1,0, 1°85 175 1'80 018 | .
Fe,O, 00 00 00 *000 } 018
FeO 55 55 55 (007 ) 07
MnO trace trace trace ‘000 0°0 »64-2
MgO 24-12 2412 2412 606 635
C40 13-07 13-30 13419 236 p954 24°7 a
K,O ‘22 22 002 02 +25'7
Na,O 48 48 008 08 5
H,0 176 161 156 087 90
F, 37 37 011 11
Loss at 110° ‘10 1000
10022
O=F, ‘15
10007
AcTINOLITE.

Of the green variety of amphibole, characterized by a low
percentage of sesquioxides and commonly known as actinolite,
four varieties have been analyzed. As regards localities,
association and mode of occurrence they are as widely sepa-
rated as possible.

I1I. Aetinolite from Greiner in Tyrol. Specimen No.
349, Brush Collection.—This is one of the well known loecali-
ties, where crystals of a fine, dark-green color, showing the
combination of the prism = (110) and pinacoid b (010), oceur
imbedded in tale. To obtain material for analysis the crystals
were first carefully selected by hand, and as they were found
to be coated with a fine talcose powder, they were treated for a
while with a mixture of warm dilute hydrofluoric and hydro-
chlorie acids, which left them clean and brilliant.  "When broken
up and sifted to an uniform grain the fragments were found
to be wonderfully pure when studied with the wmieroscope.
A very small proportion of the particles were found to con-
tain minute Dblack grains, presumably of magnetite, but these
being heavier were removed by treatment with the heavy
solution. The material for analysis floated at 3:058 and sank
at 3036, the average specific gravity being 3-047.

The results of the analysis are as follows :—



Chemical Composition of Aimphibole.

I 11 Average  Ratios
SiO, 56713 56736 5625 938 | .93
TiO, 00 00 Y
Al,0, 1-24 1-24 012 01y
FeO T4 *82 *78 005 |
FeO 550 550 076 )
MnO 48 e 48 007
MgO 21-18 2120 21-19 529 I
CaO 12°15 12:00 12°08 2186 5.935
IK,0 29 28 28 003 77
Na,O ‘19 ‘18 ‘19 003
1,0 1-89 1'73 1-81 100 ‘
I, 04 04 001 |

9984

33

Per cents of
protoxide bases

81 ?

09 »655
565 |
23°1 ?

03 > 23'7

03 )
107

0-1

100°0

The amount of fluorine in this analysis is so small that a
distinet qualitative test could not be obtained.

1IV. Aetinolite from Russell, St. Lawrence
Co., New York. épeczmen No. 424, Brush
Collection.—The specimen chosen for analysis
is typical for amphibole found through-
out quite an extensive area in St. Lawrence
Co. The piece analyzed consists of crystals
varying from 2 to 49" in diameter, having the
forms shown in figure 1, m (11()), 2 (130),(;
(010), » (011), and oc¢ caalondlly ¢ (031). The
color of the crystals is dark green, but small

splinters have a rather light color and are tlanspal ent.
3:081, the aver-
The results of the analysis are as follows —

powdered material floated at 8-102 and sank at 3
age being 3-092.

I 1I Average  Ratios
Si0, 5485 54175 5480 913 ) g1
TiO, ‘10 ‘10 001 | °
Al 0 2:56 2:59 2:58 025 | 044
FeO 2:40 2:60 2:50 016 |
FeO 468 - 4-82 475 066 )
MnO trace - trace S
MO 20°24 2036 20°30 507
Ca0O 12:19 11-97 12-08 216 {914
K,0 24 24 003 ol
Na O *82 *82 ‘013
H,0 156 164 160 ‘088
F T s 77 *020 |
Loss at 110° 11
10065
(O = Fg ‘32
100-33

1

Ay

The

Per cents of
protoxide bases

730 )
eo-. 1632
559 ;
238 a
03 255
14 )
9-1
92-2
1000
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V. Actinolite from the Mines of Kragers, Norway.—The
material for analysis was taken from a large, striated, pris-
matic crystal, without terminal faces, which was presented to
the Brush Collection by Prof. W. C. Briogger of Christiania.
The color of the large crystal was dark olive-green, but frag-
ments were light colored. The material floated at 8:180, sank
at 3:094, the average being 3:137. The results of the analysis
follow : —

Per cents of

I 1L Average Ratios protoxide bases
Si0, 5707 51064 5185 864 oo
TiO, 1:26 - 1-26 ‘016 |
Al 0, 436 437 436 043 % <
nl . 2 009
Fe,O, 258 258 016 |
FeO 5:46 546 075 ) 86 &
MnO *33 37 35 005 | 05 + 648
MgO 1935 1961 1948 487 | 5577 )
Ca0 1040 10-81 1060 189 ¥ 216 )
K,0 *35 '35 004 05 r 26°1
Na, O 215 216 035 40 5
H,0 1'35 133 1:21 *067 ’ 77
F, 46 46 012 14
Loss at 110° ‘13 100°0
100-24
O =F, 22
100°02

V1. Actinolite from Pierrepont, St Lawrence Co., New
York.—The specimen from which material for analysis was
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taken was collected by one of the writers while engaged in min-
eralogical work for the U. S. Geological Survey, and thanks are
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due to the Director of the Survey for permission to use the
material in any way for scientific purposes. The habit of the
crystals is unusual and is shown by figure 2, but, the crystals
being attached, doubly terminated ones have not been observed.
Tlomc 3 represents one end of a twin ecrystal. The forms
which are quite numerouns for amphibole are: « (100), & (010),
¢ (001), n (310), m (110), e (130) » (011), ¢ (031), ¢ (101) and
0 (121). It was throught that perhaps the unusual develop-
ment of these crystals might be due to some peculiarity in
chemical composition, but the results of the analysis have not
borne out this supposition. The color of the crystals is a dark
greenish-black. The powder used for analysis floated at 3-115
and sank at 3107, the mean specific gravity being 3-111.

Per cents of

I II Average  Ratios protoxide bases
Si0, 5258 52:05 5231 872 ) gre
TiO, 25 28 004§
Al.0, 272 2:66 269 026 )
Fe,0, 3'32 285 309 019§ °°° ,
FeO 683 653 668 093 ) 10°1 ?
MnO 70 70 010 11 638
MO 19-12 19-42 19:27 482 526 S
Ca0 11-88 1188 11-88 212 23°1
K,0 50 50 005 »-917 6 250
Na,O 7 e 78 012 13
II1,0 155 145 142 ‘079 ' 86
F, ‘93 93 024 ) 2:6
Loss at 110° 08 1000
10059
O=F, 39
10020

Discussion of the Tremolite and Actinolite Analyses:—
Since tremolite and actinolite constitute a group by them-
selves, differing somewhat in molecular ratios from other
varieties couhunmcr high percentages of sesquioxides (Al,0,
and Fe,0,) which will be considered later, it seems best at this
point to discuss the analyses already deseribed. Attention
may first be called to the ratio of SiO, to the protoxide bases
270, the latter including K,O, Na,0, H,O and F,. The
ratios are as follows :—
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Si0,  : R"y05 :R"O+F,Si0,:R"0O+F,

emalife § L Richville +957 : 014 : 958 1 : 1:001
Tremolite § 17 Tee 983 : (018 : 954 I : 991
( III. Greiner 938 : 017 : 935 1 : 997

} 1V. Russell ‘914 @ 041 : 908 1 : 993
Actinolite 3 'y " gaoers  -880 : 059 : 874 1 : 093
[ VI. Pierrepont 876 : 045 : -923 1 1°05

In the first five analyses the ratios of Si0, : R"O+F, are
almost exactly as 1:1, and attention may be called to the fact
that such close approximations to an exact ratio are seldom
met with in mineral analyses. It may be concluded therefore
from the ratios that the materials were very pure, the analyses
exceptionally good, and that both water and fluorine, which
have heen generally disregarded in previous calculations, must
be taken into consideration. IFive such results preclude the
possibility that the close agreement of the ratios to 1:1 is a
matter of accident. Analysis VI is irregular in that it shows
an excess of (R"O+F,) over Si0,. This may be due to defects
in the analysis, to possible impurities in the material, or this
special variety may be a transition between actinolite and horn-
blende, the latter, as will be shown later, being characterized
by having an excess of (R"O4T,) over Si0,. Analyses IV, V
VI, the ratios derived from themn, and the percentages of the
several constituents are so nearly alike, that it seems best to
class the mineral from Pierrepont as actinolite. The analysis
needs revision.

Except as regards fluorine, the ratios derived from the six
analjses confirm ! the theory of Rammelsberg, namely, that the
composition is RSiO, + R,0,, the RSiO, 1110]11(11110" Mg&iO,,
FeS10,, CaSiO, and NaQSIU while considerable I 51() wlnch
Rammelsberg left out of considemtion must also be included.
The ratios also confirm in a general way the theory of Tscher-
mak except that considerable hydrogen would have to be
brought into the formulas and some provision made for
fluorine. Moreover the ratios indicate clearly that the idea
advanced by Tschermak, that sodinm is present as a molecule,
Na,AlLSi,0,, is quite untenable, since for every Na,O there
would have to be deducted 1A1,0, and 4Si0O,, which would
deplete the total silica and destroy the 1:1 ratio.

In a large number of minerals it has heen shown that fluorine
and the isomorphous hydroxyl unite with metallic elements to
form radicals, thus (MgFY, or (MgOH)’, univalent, and (AIF)”
or (AIOH)” l)1valent and it seems probable that fluorine, and
to some extent hydroxy], enter in some way into the amphibole
molecule in combination with trivalent aluminium and iron.
It is possible in one way to account for the presence of both
R,O, and fluorine without destroying the 1:1 ratio shown by
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the analyses. Thus, for example, the constituents Al,O, and
Fe,O, may be regarded as combined with F and OII to form
the following radicals:

—Al—F  —AI—OH  —Fe—F  —Fe—OH
>0 >0 0 >0
—Aa”F —aZon —Fe —F o1

The foregoing radicals are bivalent ,md as may be seen, the
addition of F, to the protoxide ratios means the introduction
of Al, (or I‘e_) into the molecule, and when F, fails or is not
sufficient to satisty all of the sesquioxides, (OH),, derived from
1,0, accomplishes the same result. If, therefore, the ideas as
set forth on page 28 are correct, namely that amphibole is a
salt of a complex metasilicic acid, the assumption is now made
that some of the hydrogen atoms of the acid are replaced by
bivalent radicals, containing aluminium and ferrie iron in com-
bination with flucrine and hydroxyl as given above. These
bivalent radicals therefore are regarded as isomorphous with
IFe and Mg. It may be asked why “the radicals [R,””OF,]” and
[R,”O(OI1),)” have been selected instead of others? for exam-
ple, [R”F]” or [R"F,]’, and their respective hydroxyl equiva-
lents, and the answer is shmply beeause only the former satisty
the 1:1 ratio of silica to protoxide bases shown by the analyses.

Since, however, the amounts of A1,0, and Fe,O, in tremolite
and some varieties of actinolite are small, the asqln]ptlou of
either of the radicals [R"’(IF, OI1)]" or [R”/(F, OH),]" would
not materially affect the ratios in some cases.  For the sake of
comparison the possible fluor-hydroxyl radicals of trivalent ele-
ments in combination with metasilicic acid may be expressed
graphically as follows:

0 O—R—(F,01) o—r Of?
0=81 SR—(F,0H) 0=8i( O 0=si¢’ (F,0
o/ O No_RZ(F,01 No —R<E§ 8{8

According to the first assumption, bringing R’ into the
molecule as a Dbivalent radical [R —(T‘ ()II)]” the protoxides
as egiven on page 36 would Dbe increased ; according to the last
[R (I‘ OH),]” the pmtO\ldcs would be dnmmshed the result-
ing ratios being as follows

Si0, : R'O+[R”/(F,0H))”O  $i0, : R”0+[R”(F.0H).]50

I 1 1:02 1 0-98
11T 1 101 1 097
11 1 1:02 1 0-98
IV 1 1:04 1 0°95
A% 1 1:06 1 0:93
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The ratios are not bad in the first three analyses, but in the
last two they are unsatisfactory and, moreover, in analysis V'
there is not sufficient fluorine and lnydroxv] to satlsfv the last
assumption. The burden of prootf rests with the more exact
ratios as given on page 36, and the assumption that the sesqui-
oxides enter the metasilicate molecule as bivalent radicals
corresponding to [R,”’O(FOI),]"".

It is interesting to note to what extent the hydrogen atoms
of the amphibole acid are replaced. According to the long-
aeeepted formula for tremolite, Mg,CaSi,0,,, three-quarters, or

5 per cent, are replaced by Mg and the remaining quarter by
Ca, while in actinolite the isomorphous Fe, Mn and Mg t0<ret]1e1'
have lLeen regarded as replacing three-quarters of the lnydlo-
gens. The 1eplacement expressed in per cents, as they appear
in the analyses, are as follows:

I II II1 v A%
[Fe+Mn+Mg]”........ 652 642 655 632 64
[Ca+K,+Na,|" ... .__. 258 257 237 255 26°1
[R, "'O(b LOHM), 17 oo 15% 1°9 18 45 67
H, in excess of (OH) .__. 69 82 90 68 24
Caalone ... .____._____ 2470 247 231 238 216

* A slight excess of fluorine (0°23%) in the analysis. See page 50.

It may be seen from the foregoing table that (I'e4+Mn+Mg)
never make up 75 per cent of the total hydrogen replacement,
and that the figures are 1'ema1'lmbly constant at about 65 per
cent. Ca alone never replaces 25 per cent of the total hydro-
gens, but if there are added to the Ca the small amounts of
alkali metals present, I, and Na,, the near approach to 25 per
cent is remarkable; in analysis 11, where Ca alone is low, the
deficiency is made up by a rather high percentage of Na,O
(2:154), while in the remaining analyses it ranged frem 019 to
0-82, averaging 0-54%. In all cases K,O was 10w ranging from
022 to 0-54 and averaging 0-33%. The trivalent elements, Al
and Fe, presumably entering into the amphibole molecule as
bivalent fluor- hydroxyl radicals, are quite variable, and so also
are the amounts of hydrogen in excess of that required in each
analysis for combination as hydroxyl with Aland Fe.

EpENITE — PARGASITE ENDE.

The name edenste has been employed to designate light-
colored varieties of amphibole containing considerable alumina.
Chemically there are analogous dark- colored varieties some-
times called pargasite, contmmnw high percentages of iron,
and both kinds doubtless grade 1mpu'(,eptlbly into one another
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and also into actinolite. The names are not very characteristic
nor significant, and perhaps the designation of these various
varieties as hornblende is more satisfactory than the attempt to
make use of several names. As will be shown, the hornblendes
are characterized by having a somewhat different ratio of SiO,
to the protoxide bases than that determined for tremolite and
actinolite.

VII. Hornblende from Renfrew, Ontario, 4
Canada.—The crystal analyzed was of an
unusually black color and brilliant luster,
showing the forms ¢ (100), 4 (010), m (110),
7 (011) and 7 (031), figure 4. The specimen
is No. 487 of the Brush Collection. Irag-
ments used for analysis floated at 3-330 aund
sank at 2-249, the mean specific gravity being
3:290. The results of the analysis follow :—

Per cents of

1 1I Average  Ratios protoxide bases
Si0, 4392 4360 4376 128 ) ag
TiO, 78 78 010
AlLO, 835 8-31 833 081 | 124
Fe,0, 699 680 690 043
FeO 10°40 1054 10°47 146 183
MnO 50 S *50 007 0'9 587
MgO 12:67 1260 1263 315 395
CaO 9-86 9-82 984 176 { g 221 2
K,0 128 ... 128 014 177 1'8 ¢ 308
Na,O 343 e 343 *0h5 59 $
H,0 75 55 65 036 45
F, 1-82 1-82 048 | 6°0
Loss at 110° 10 100°0
10049
O=F, 16
9973

VIII. Hornblendefrom Edenville, Orange Co., New York.—
Crystals from this locality occur large and of a black color, very
closely resembling those from Renfrew ; the forms also, b, m,
»and ¢ are frequently developed as in figure 4. The material
used for analysis floated at 3:291 and sank at 3-278, the average
being 3-285. The results of the analysis follow :
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Per cents of

I 1I Average Ratios protoxide bases
Sio, 41-92 4206 4199 699 17
T102 1:46 146 018 }
AlLO, 1173 1151 1162 112 0
Fe, .0, 254 2:80 2:67 017 § 7
FeO 14-28 14-36 1439 1199 25°0 z
MnO 25 23 003 ‘4 ~ 604
MgO 11-21 11413 1117 279 350 §
Ca0O 1150 1154 1152 206 | . 26°0
K,0 92 1°04 98 010 {198 12 » 32
Na,O 2:66 2:32 2:49 040 5°0
H,0 66 56 61 1038 4-8
F, -80 ‘80 021 ). 2:6
Toss at 110° 08 1000
9996
O=F, 33
9963

IX. Hornblende from Cornwall, Orange Co., New
This is a very black Lornblende occurring in masses larger th(m
a walnut and without crystalline outlmc imbedded in a rather
coarse aggregate of qgnartz and fddspar It was originally
described by Beck® in 1842 as a new .species to which the
name [ludsonite was given. It was classed by J. D. Danat
under pyroxene and was analyZzed by DBrewer} and by Smith
and Brush.§

It has recently been reinvestigated by Weidman,| the
material used being a hpeelmcn from the Brash Collection No.
139, sent to Professor Brush in 1853 Ly 8. R. Horton, who first
found the mineral and supplied Beck with specimens for his
original description. The prismatic angle m A 7 was meas-
ured by Penfield and found to be 55° 31. The optical proper-
ties are described in detail by Weidman and he also gives a
new analysis by J. .. Nelson of the chemical department of
the University of Wisconsin. On testing the mineral in a
closed tube it was found that the water given off at a high
temperature was decidedly acid and accompanied by a deposi-
tion of silica, indicating the presence of fluorine, hence it has
been possible to make Nelson’s analysis more complete by
making a determination of fluorine in the- material, 0-27 per
cent being found. It may also be added that the presence of
fluorine in the mineral was suspected because the analysis did
not conform to the new ideas concerning the ratios it should

* Min. N. Y. 405, 1842. } System of Mineralogy, 2d ed.. 1844.

T Dana’s Mineralogy, 8d ed., 269. § This Journal, xvi, 1853.

| Ibid., xv, 227, 1903.
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give.

of 0-27 per cent of fluorine, follow :—

The analysis of Nelson, modified by the introduction

Per cents of

Ratios protoxide bases
Si0, 3686 014 ) oo
TiO, 104 013 ( 07
AlLO, 12-10 119 ) 6s
. P d
Fe,O, 741 046 |
FeO 2335 324 459 )
MnO 077 005 T - 532
MgO 1490 047 66
Ca0 1059 (189 | oo 266 )
K,0 3-20 018 Y 1'8 357
Na,O 1:20 052 73 §
H,0 1:30 072 10°1
F 27 007 | 10
99-99 100°0
O—F, ‘11
99-88
X. Hornblende from Monte-Somma, Ltaly.— 5

The material analyzed was taken from a speci-
men showing an aggregate of small greenish
black ecrystals, many of them terminated by
faces having a brilliant luster, developed as
shown iu figure 5, the forms being, s (110),
considerably striated, » (011), p (101) and some-
The material used for analysis
floated at 3-310 and sank at 3:255, the average
specific gravity being 3-283. Tle results of the

times z (121).

analysis follow :—

I
Si0, 3941
TiO, 30
Al,0, 1271
Fe,0, 7:30
FeO 10°73
MnO 1-14
MeO 1176
CaO 12:10
IK,0 2:39
Na,O L1072
H,0 82
F, ‘05

Loss at 110°

II Average
39°55 39°48
- 30
1327 12:99
721 725
e 1073
‘RS 1:00
1117 1147
11°95 12+01
I 2:39
168 170
‘95 76
- ‘05
‘12
100°25
O=F 02

2

100-23

Per cents of

Ratios protoxide cases
658 | ...,
004 | 662
127 ],
045 § 172
149 ) 196 )
‘014 19 »593
287 378 (
214 | .. 282
025 1799 3-3 ) 35°1
027 36 S-
042 55
001 1

1000
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The hornblendes represented by analyses VI to X constitute
a group by themselves, which may next be considered. They
differ from the tremolite-actinolite group in that the ratio of
8i0, : RO, instead of being as 1 : 1, indicates an excess of RO
over @1() and with the increase of RO there is a correspond-
ing increase in the amounts of Al,O, and Fe,O,. The relations
are best shown in the accompmlying tables, where the R,O,
quotients, (the sum of the results obtained by dividing the per-
centages of Al O, and Fe,O, by the couespondm(r “molecular
weights) are given tooethel with the 8i0, : RO ratios, RO
including Na, () K,0, H,0 and F,.

R0y quotients Si0. RO
VI. Pierrepont 045 1 : 105
VII. Renfrew *124 1 : 108
VIII. Edenville 1129 1 1°10
IX. Cornwall ‘165 1 1°11
X. Mte. Somma ‘172 1 1-14

The first analysis of this group forms a connecting link
between the actinolite and hornblende groups. If it is com-
pared with analysis V no essential differences will be found;
it is only when the ratios are examined that a slight excess of
RO is noted in the mineral from Pierrepont, and this occurs
with a smaller R,0, quotient than that found in the actinolite
from Kragerd; as previously stated, the two groups grade
imperceptibly into one another. The other analyses are, how-
ever, considerably different from any thus far considered;
they are all of dark green to black varieties, the color due to
the presence of iron; “the percentages of sesquioxides are high,
about 20 per cent in IX and X, and the excess of RO as shown
by the ratios is very noticeable. Another marked difference
is seen on comparing the silica percentages; starting with
about 575 per cent in tremolite, it falls below 37 per cent in
analysis [X,

It is evident that if the minerals of the amphibole group
are all to be regarded as salts of one acid, we must in some
way be able to account for the introduction into the amphibole
molecule of both sesquioxides and inecreasing amounts of pro-
toxides. This may be done by assuming in addition to the
fluor-hydroxyl radieal (R0 (17,011, ‘thus far considered,
some other radicals containing both R,0, and RO. Thus there
might be considered the following altmina and the correspornd-
ing ; ferric iron radicals.

—Al—O —Al
R <o

=0 or O
—aZo _A1<8_, y
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The attempt will now be made to show that by assuming
the existence of certain bivalent basic radicals of the type ]ust
indicated, and regarding them as replacing the hydrogen atoms
of the amph]l)ole acid, a similarity may be found between
these basic hornblendes and the meinbers of the tremolite-acti-
nolite group. There will first be deducted from the ratios the
— Al—(F,0H)

alumo, fluor-hydroxyvl radical >0 , the same as in
—AIZ(F,0H)

the tremolite group. Next there will be deducted a radical of

O—Na
the type —A O\(I‘e Mg) and in most cases these two

A<
radicals may be so chosen as to satisfy or include all of the sesqui-

oxides, and leave the protoxide base in suflicient amount to
form RSiO,. In one analysis (X) a third radical seems neces-

—Al—0
sary >0 >R To indicate the method of calculation ;

—Al—0
there will be deducted from the total ratio first the alumo,
fluor-hydroxyl radical, with its equivalent of silica, thus SiO,,
Al,O, and (F,OII) in the proportion 1:1:1, and next the
basic radical with Al .0, (Fe,Mg)O and Na,O with its equiva-
lent of silica in the plop()ltlon 1:1:1:1. Itis then possible
to caleulate the proportion of the total hydrogen atoms
replaced by the several bivalent radicals and the different bases,
and attention may be called to the fact that calcium, helped
out at times by traces of sodium and potassium, satisties 25
per cent, or one quarter of the total lLydrogen atoms of the
amphibole acid, the same as in the tremolite group ;—that this
is a mere coincidence seems hardly possible, and it may be
taken, it is believed, in support of the theory advanced. The
results of calculation are as follows :—

Avavysis VII, Rexrrew, CANADA.

}'186

Al—(F,0H)7 ” I
Ratios >0 Residue ( )>R Residue

Al (F,0H) A< N
[8i,Ti]O, 738 —065 673 -—*059 614
[ALFe],O, *124 —065 059 —059
[Fe,Mn Mor]o *468 468 —059 *409
CaO ‘176 176 ‘176
[K,Na],0 069 069 —059 010
H,0 036 ) n ‘019 ‘019
P‘ﬂ '048 g‘ - 065 -

Total RO= ‘614
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The proportion of the various radicals and of the remaining
bases in the foregoing analysis are as follows: —

Ratios Per cents
[A1LO(F,0H J”O <065 88
[A1.O,RNa,|"O 059 80
|Fe Mu ,Mg]O 409 554
[Ca,Na, ]O 186 252
H, O ‘019 2:6
738 100°0

From the foregoing interpretation it may be seen that all of
the fluorine and about half of the hydrogen are needed to
form the alumo, fluor<hydroxyl radical that sodium is present
in just about sufficient amount to form the second basic radi-
cal, and that calcium plus the trifling excess of sodium satisfies
25 per cent of the hydrogen atoms of the amphibole acid.

Axavysis VIII) Epenvinne, N. Y.

[Al—(F,0H)7 " Al Y —Na
Ratios | >0 |  Residue >R | Residue
| AIZ(1,011) | AI<O_Nn |
[Si TI]O e —051 ‘666 —078 588
[ALFe],0 ‘129 —051 078 —078 -
[I*e Mn Mg]O 481 R *481 —078 *403
Ca0 209 209 ) 08 ‘181
[K,Na],0 050 050 | —_—
%IQO 030 ({ — 051 Total RO="584
i 021
Proportion of radicals and remaining bases :—
Ratios Per cents
[ALLO(F,0H),]"O 051 71
[A1,0, R\Ia 70 078 110
[Fe Mn ,Mg|O 403 565
CaO 181 25°4

1000

According to the interpretation, in this analysis all of the
fluorine and water are needed for the alumo- hydroxyl radical ;
sodium is not quite sufficient for the second basic radical, so a
very little of its nearest related constituent, calcium, is taken
in the final residue SiO, and RO are pr esent in the 1)101)01‘:1011
*588: 584 or 1 ::992; while again it is found that the residual
calcium satisties 25 per cent of the hydrogen atoms of the
amphibole acid.
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Axavyvsts IX, Cornwarn, N, Y.—HubpsoNITE.

81, Ti]0,

Al Fe], O,
[Fe,Mn M(rJO
)aO
gK,Na]EO

1.0

2
~
F
2

Ratios |
LAI—(F,OH)J

627 —076
*165 — 076
376 R
*189 -
‘065 e
072 ) e
_007 g- '—01()

[Al—(F,0I0)7 ”
0

45
r 0—Na”
Residue Al< >R Residue

LA'<0_N
551 —089 462
‘089 —*089 .-
376 —089 <287 .
‘189 . *165
i ,
‘003 003

Total RO="455

Proportion of radicals and remaining bases:

Al,O(F,011),]"O
AlL,O,RNa ]"()
[Fe Mn MgJO

‘a

H,0

Ratios Per cents
076 12-2
‘089 143
287 46°3
‘165 266
1003 5
620 100°0

The interpretation of this analysis is essentially like that of
the previous one.

Analysis X, Mte. Somma.—In this analysis the amount of
water is small and only a trace of fluorine is present, conse-
quently in order to establish a 1:
it seems necessary to assume, in addition to the radicals pre-
viously suggested, a third one of the following type :

1 ratio between SiO, and RO

Al—0_
>O R//
Al—O0—

The interpretation is then as follows:—
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Proportion of the radicals and remaining bases :—

Ratios Per cents
[A1,O(OH),]"O 043 65
Al 0 R]”O 032 48
[Al, O RNa,]"0 097 147
[Fe, Mn,Mv]U 321 485
C(\O 169 255
662 1000

Except for the added radical thie interpretation of this
analysis is like that of the previous ones, and again the residunal
caleium replaces 25 per cent of the hydrogen of the amphi-
bole acid.

Attention will next be called to some varieties of hornblende
which do not conform to the two groups previously considered.

XI. Basaltic Ilornblende ]‘)'om Bilin, Bohemia.—To col-
lectors, this is probably the best known of all basaltic horn-
blendes. It ocewrs in good sized and well formed erystals,
generally showing the forms s (110), 5 (010), » (011) and p
(101), often developed so as to appear like a hexagonal prism
with rhombohedral terminations. The material used for
analysis was obtained from carefully selected crystals, sent to
this laboratory by Mr. Warren M. Foote of Philadelphia.
The material used for analysis floated on the heavy solution
at the specitic gravity 8:242 and sank at 8:210, the average
being 3:226. The results of the analysis are as follows —

Per cents of

I II Average Ratios protoxide bases
Si0, 39-88 4002 3995 ‘666 ) 68"
TiO, 170 1°66 168 021 | 7!
AlLO, 1749 1768 1758 173 ) 918
Fe,O, 725 725 725 045 | 7
FeO 218 . 2°18 031 ) 45
MnO trace - trace I eee- D55
MgO 14°14 14°16 1415 ‘354 510
CaO 1207 1186 1196 213 || 307
K,0 198 R 198 (021 694 30 411
Na,O 316 316 051 T4
H,0 *55 53 41 ‘023 33
F, ‘03 ‘03 ‘001 | °1
Loss at 110° ‘13 _
1000
10046
O=F, 01

10045
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In this analysis it will be noted that with a large R,0, quo-
tient the ratio of SiO,: RO=-687:694=1-00:1-01, or almost
exactly 1:1; thus differing from analysis VII to X (summa-
rized on page 42), all of which showed an excess of RO. It is
also interesting to note that the ratio of this hornblende is like
that of garnet; SiO, : R,0, : RO being 3:00 : 095 : 3:03, a very
close approximation to 8:1: 3.

In the interpretation of the analysiz there may be assumed,
in addition to the alumo-hydroxyl radical, one similar to that
used in analysis X, [ALLO,IR], except that in this case it is pro-
posed to double the radical and make one R equal (Fe,Mg) the
other Na, plus a little Caj or, since there is practically no
fluorine in the mineral, the water may be regarded as basic
and only one radical nced Dbe used. The results in detail,
regarding (OH) as combined with alunina, are as follows :

Al—OH "
. e [ALO(Fe M)
Ratios [ >0 :‘ Residue [A1,0,(Na,,Ca)]” Residue

Al—OII

[8i,Ti]O, 687 —024 663 —194 469
[ALFe],O, 218 —024 194 —194
[Fe,Mg|O ‘385 "385 —097 *288
Ca0 213 213 097 "188
[K,Na],0 072 072 o

H,0 *023 } 094 ——--
F, 001 -

Total RO= ‘476
Or disregarding the small amount of fluorine present and con-
sidering all the water as basie, only the second radical need be
used, as follows:
[ALLO,(Fe,Mg)]"
Ratios  |Al,O'(Na,Ca)]" Residue

[81,Ti]O, 687 —218 469
[ALFe],O, ‘218 —218
[Fe,Mg]O *385 —109 276
CaO 213 109 ‘176
[K,Na],O 072 ;’
H,0 023 023

2

Total RO= -475
!
Proportion of radicals and remaining bases, I regarding (OH)
as combined with Al, IT regarding water as basic:
Ratios T Per cents I ~ Ratios IT Per cents IT

[AL,O(OH),]"O 024 34 - .
[A1,O,R]"O ‘194 28°0 218 31°5
[Fe,Mg]O 288 413 2176 398
CaO *188 27°1 ‘176 954
11,0 023 33

694 100°0 ‘692 1000
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Of the two interpretations the latter is probably the sim-
pler and brings the residnal calcium nearer to 25 per cent as
in the previous analysis. It should be pointed out also that
if the basic alumo-radical used in this analysis is taken by itself
and combined with its equivalent of silica, the result becomes
(Na,,Ca)(Fe,Mg)AlS8i,0,,, analogous in type to the basic
alumo-silicate molecule of Tschermak, page 24. The essential
difference in this particular case between Tschermak’s theory
and the present one is that, according to the former a definite
basic alumo-silicate molecule is regarded as isomorphous with
Ca(Fe,M¢g),Si,0,,.

X1I. Hornblende from Grenville township, Quebec, Canada.
—This hornblende is very unnsual on account of the large
amounts of alumina and fluorine it contains and the low per-
centages of iron, a combination not often met with. It has been
analyzed by I'rof. B. J. Harrington,* who has kindly sent on
material for study, and by R. A. A. Johnston.t The color of the
mineral is a light brown, with somewhat of a reddish tone: it is
unusually transparent and shows a perfect prismatic cleavage.
The specific gravity as given by Harrington is 3:110. The new
analysis by Stanley, from which the ratio is calculated, confirms
the results of the earlier analyses.

Per cents of

Harrington Johnston Stanley Ratios protoxide bases
Sio, 45°50 4609 4579 ‘763 778 565 L57'
TiO, ‘68 undet. 1:20 015 }'778
Al,0, 12-25. 1293 11-37 ‘112
Fe,0, 28 79 42 ‘003 §,115
FeO 75 none 42 *006
MnO ‘11 *36 *39 006 6
MgO 20°63 20-82 21-11 528 6 577
CaO 13-31 12-91 12°71 227 56°5
K,0 1°76 1-84 1:69 ‘018 034 24°3
Na, O 276 236 2:51 040 [ 2:0 805
H,0 40 ‘66 67 037 42
F, 280 2:84 276 ‘072 39
J 79
101-23 10160 101-06 _—
O=F, 117 119 1-16 100°0
100°06 10041 9990

It may be noted first that with a sesquioxide quotient of
115 the ratio of SiO,: RO+F, is as 1:1:20, which is not
exactly in accord with the results obtained from analyses VII

* This Journal, xv, 392, 1903. t Geol. Sur. of Can., vol. xiii.
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to X as summarized on page 42. The relations, moreover, are
not materially altered 1f the titaninn is regarded as Ti,O,,
when the excess of oxygen recorded in the cmalysis as TiO,
would be just about sufficient to convert the FeO and MnO
of the analysis to sesquioxides : according to the latter interpre-
tation the sesquioxide quotient becomes *128, and the ratio
of 8i0,: RO=1:1-21. With the high percentage of flunorine
in the mineral it seems necessary to assume that some of it is
united with a Dbivalent element, magnesinm for example, to
form a radical [MgF]; and .Lccm(lmg to this assumption a
balance may be struck so as to leave a final residue in which
Si0,: RO=1:1. The interpretation is as follows:—

nl O—Na
Ratios [ MgF " Resi- | M TE ] Resic l—A]< _|
;i due >0 due >R
Myl A ¥ Vo
- Ao —Na |
[Si,Ti]O, 778 —'038 740 —034 706 —081
[ALFe],O ‘115 e lIs —'034 081 —*081
[I«e Mn,Mg]O 540  —-076 464 .- ‘464 —081
Ca 927 oo 227 e 227 | 081
[K,Na],0 ‘058 .. 058 - ‘058 §
H,0 *037 ... 087 037
F, ‘072 —038 034 —034 ___. aaee
Total RO
Proportion of radicals and remaining bases :—
Ratios Per cents
[MgF],0 ‘038 49
|ALLOF,]"O ‘034 44
[ALO, I1Na, ,]'0 081 104
[I«e M ,Mg]O *383 493
Ca0 204 262
n,0 087 48
ki 1000

The final result here again shows 25 per cent (a little over)
of the hydrogen atoms replaced by calcium.

In analysis I there was noted a slight excess of fluorine over
that required by the alumina to form the radical [A1,OF,]”,
and it may be assumed that a very small amount of the radi.
cal [Mgl'] is present in that variety of tremolite.

Summary and Conclusion.—The chemical composition of
amphibole can be explained by assuming that it is based upon
a metasilicate molecule, which is, however, undoubtedly of a
multiple and complex nature. The uniformity in erystalliza-
tion of the different varieties in spite of the fact that they
show a wide range in their chemical composition, is a strong

Resi-
due

625
‘383
204

037

‘624
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argument for the mnfonmty in structure of the acid part of
the molecule, enabling it to exert a controlling influnence
thronghout the series and so to determine the cr_)stal forum.
That fluorine and hydroxyl present are integral parts of the
amphibole molecule and that they are to be regarded as iso-
morphous with the protoxides is considered as dehmtely proven
by the results of the analyses. The presence in many amphi-
boles of considerable amounts of sesquioxides is explained by
their introduction into the metasilicate molecule in the form of
various basic, bivalent radicals. It is suggested that the char-
acter of these radicals and the degree to which they enter the
amphibole molecule may be due to the influence of ‘mass effect
determined by the conditions under which the mineral “was
formed. This method of interpretation of the analyses of
amphibole is upheld by the following facts: first, in the analy-
ses of the simpler varieties, tremolite and actinolite, the 1:1
ratio between RO and SiO, is very sharp and indicates clearly
that the structure of the molecule is that of a metasilicate and
the small amounts of RO present cannot be introduced into the

formula without destroying this ratio except in the form of the
—R—(I,01)

bivalent radical O ; secondly, the identity of the

—R (F,0m)
crystalline structure of the whole amphibole series points
“strongly to the assumption that the acid radical is the same
thronghout ; thirdly, in the analyses of the hornblendes, by the
assumption that two or more radic als, containing the trivalent
elements with smaller amounts of the proto*(ide bases, enter
the molecule isomorphous with RO, the residue left after the
subtraction of these molecules gives the metasilicate ratio of
RO :8i0, =1:1; fourthly, in all cases the calcium oxide of
the analyses toaetlxel with the small amounts of oxides of the
alkalies available forms very closely 25 per cent of the various
radicals and bases, or in other words replaces one-fourth of the
hydrogen atoms of the amphibole acid. This last fact is too
constant throughout the analyses to be looked upon as a coin-
cidence, but would seem rather to e a fundamental fact con-
cerning the amphibole molecule, and furnishes one of the
strongest pieces of evidence as to the correctness of the present
method of interpreting the chemical constitution of the min-
eral.
Mineralogical Laboratory of the

Shettield Scientific School of Yale University,
New Haven, Conn., October, 1906.





